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Abstract—This study employs molecular docking 

simulations to assess the potential anti-ulcer and other 

therapeutic properties of novel 2-azetidinone derivatives, 

focusing on their binding affinities and interaction 

profiles with relevant target enzymes. This 

computational approach aims to identify lead 

compounds for further experimental validation by 

predicting their efficacy as inhibitors of established 

therapeutic targets, such as H+/K+-ATPase for anti-

ulcer activity (Muhammad et al., 2019). This method 

enables the virtual screening of large libraries of 

compounds, providing insights into their molecular 

interactions with specific protein active sites 

(Azmatullah et al., 2022). Such in silico methods 

significantly accelerate the drug discovery process by 

prioritizing compounds with optimal binding 

characteristics, thereby reducing the time and cost 

associated with traditional experimental screening 

(Muhammad et al., 2019). The binding affinities are often 

quantified by docking scores (e.g., in kcal/mol), where a 

more negative score typically indicates a stronger 

interaction and thus a higher potential for therapeutic 

efficacy (Muhammad et al., 2019). For instance, 

compounds exhibiting binding energies around -9.1 

kcal/mol against H+/K+-ATPase enzymes have 

demonstrated promising anti-ulcer activity (Muhammad 

et al., 2019). Furthermore, specific 2-azetidinone 

derivatives have shown significant binding energies, such 

as -9.4 kcal/mol with MMP-9 protein, suggesting 

potential anticancer activity through vigorous 

interactions including hydrogen bonds (Shweta et al., 

2024). These interactions often involve key residues 

within the active site, forming stable protein-ligand 

complexes that can inhibit enzyme function. For 

example, specific monocyclic β-lactam ligands have 

demonstrated strong interactions with MMP-9, an 

enzyme associated with cancer proliferation, suggesting 

their potential as anticancer agents (Shweta et al., 2024). 

The visualization and analysis of these intermolecular 

interactions are crucial for understanding the binding 

strength and inhibitory potential, as proteins play a 

critical role in cellular functionality (Shweta et al., 2024). 

This predictive capability of molecular docking extends 

to various pathological conditions beyond cancer, 

including inflammatory and infectious diseases, by 

identifying compounds that can modulate the activity of 

crucial protein targets (Muhammad et al., 2019).  

 

Index Terms—chemical scaffold, computational 

methodology, and target-specific therapeutic areas.  

 

I. INTRODUCTION 

 

Molecular docking, a computational technique, plays 

a crucial role in predicting the binding affinity of small 

molecules to target proteins, thus offering insights into 

their potential therapeutic applications (Hassan et al., 

2024). This method is particularly valuable for novel 

compounds such as 2-azetidinones, allowing for the 

in-silico evaluation of their interactions with target 

enzymes implicated in various pathologies like ulcers 

or cancer (Sulthana & Quine, 2015; Tripodi et al., 

2018). By simulating the molecular recognition 

process, docking studies can identify optimal binding 

poses and estimate binding energies, which correlate 

with the strength of the ligand-protein interaction 

(Shweta et al., 2024). This predictive capability 

significantly accelerates the drug discovery pipeline 

by prioritizing promising candidates for further 

experimental validation, thereby reducing the time and 

cost associated with preclinical development (El‐

Saghier et al., 2023; Sulthana & Quine, 2015). The 

process typically involves constructing ligand 

structures using force fields like Optimized Potentials 

for Liquid Simulations-All Atom to compute partial 

atomic charges, followed by docking calculations 

performed with high precision modes, such as the 

"Extra Precision" setting in GLIDE (Sulthana & 

Quine, 2015). Furthermore, the comprehensive 

analysis of molecular docking results often involves 

visualizing molecular electrostatic potentials to 
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discern electrophilic and nucleophilic regions, which 

are critical for understanding ligand-protein 

interactions (Shweta et al., 2024). The therapeutic 

potential of 2-azetidinone derivatives, a class of 

heterocycles, has garnered considerable interest due to 

their diverse biological activities, including 

antibacterial, antifungal, anti-inflammatory, and 

anticonvulsant properties (Sulthana & Quine, 2015). 

Indeed, the structural versatility of the azetidinone ring 

allows for extensive chemical modifications, leading 

to a broad spectrum of pharmacological effects, 

including notable antibacterial efficacy against multi-

drug resistant strains (Kusurkar et al., 2021). 

Molecular docking studies with 2-azetidinone 

derivatives have demonstrated strong binding 

affinities to various protein targets, including DNA 

gyrase, suggesting their utility as antibacterial agents 

(Sulthana & Quine, 2015). These in silico predictions 

highlight the potential of azetidinones as promising 

candidates for drug development, especially in 

combating resistant bacterial infections (Roman et al., 

2023; Sulthana & Quine, 2015). Computational 

studies, such as molecular dynamics simulations, 

further investigate the stability and conformational 

flexibility of these ligand-protein complexes in 

physiologically relevant environments, providing a 

more comprehensive understanding of their inhibitory 

mechanisms (Muslim et al., 2023). Specifically, 

docking protocols often involve two primary steps: 

sampling ligand conformations within the active site 

of the protein and subsequently ranking these 

conformations using sophisticated scoring functions 

(Jain, 2024). These computational approaches are 

instrumental in early drug discovery projects, aiding in 

the design and development of novel molecules and 

enhancing project success rates while reducing 

development costs (Salih & Ali, 2023). This rigorous 

methodology ensures that only compounds with the 

most favorable binding characteristics are advanced to 

subsequent experimental stages, optimizing resource 

allocation. This integration of computational 

methodologies, ranging from molecular docking to 

dynamic simulations and comprehensive 

visualization, forms a robust framework for 

identifying and optimizing lead compounds, 

particularly novel 2-azetidinone derivatives, for 

targeted therapeutic interventions (Guguloth & 

Gubbiyappa, 2024).  

 

II. LITERATURE REVIEW 

 

Recent advancements in computational chemistry 

have enabled more precise predictions of ligand-

protein interactions, with particular emphasis on the 

structural elucidation of newly synthesized 

compounds like 2-azetidinones and their therapeutic 

implications (Bayrak et al., 2024). For instance, 2-

azetidinone derivatives have shown significant 

antibacterial activity against various strains, including 

*Staphylococcus aureus*, *Bacillus subtilis*, 

*Escherichia coli*, and *Pseudomonas aeruginosa*, 

with some analogues exhibiting superior potency 

compared to standard drugs (Sulthana & Quine, 2015). 

Molecular docking studies have corroborated these 

findings, indicating strong binding affinities of these 

compounds to bacterial enzymes such as DNA gyrase, 

thereby elucidating their mechanism of action at a 

molecular level (Sulthana & Quine, 2015). These 

computational insights are further supported by 

studies demonstrating low free energy values for 

optimal binding interactions with various protein 

targets, including 1VQQ, 2WAE, 1PYY, and 1IYS, 

ranging from -6.5 to -7.9 kcal/mol, signifying stable 

and effective binding (Muslim et al., 2023). 

Furthermore, molecular dynamics simulations 

confirm the stability and tight binding of these 

lactozepine-derived compounds, showing consistent 

amino acid interactions within the protein-ligand 

complex (Muslim et al., 2024). Such comprehensive 

computational approaches not only identify potential 

drug candidates but also provide crucial information 

for optimizing their physicochemical properties to 

enhance target specificity and therapeutic efficacy 

(Muslim et al., 2024; Okella et al., 2022). This 

integrated computational approach, encompassing 

molecular docking and dynamic simulations, thus 

offers a powerful platform for rational drug design and 

optimization, particularly for novel scaffolds like 2-

azetidinones (Mishra et al., 2024; Pei, 2024). This 

approach aids in the automated identification and 

preparation of target ligands, streamlining the virtual 

screening and lead optimization processes (Book, 

2024). The utilization of in silico methods, including 

ligand preparation and protein receptor grid 

generation, alongside experimental techniques, 

substantially expedites the identification and 

optimization of promising drug candidates by 

providing detailed insights into their physicochemical 



© January 2026 | IJIRT | Volume 12 Issue 8 | ISSN: 2349-6002 

IJIRT 191567 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 8607 

properties and biological activities (Çapan et al., 2024; 

Sulthana & Quine, 2015). This synergistic strategy 

allows for a more efficient selection of compounds for 

synthesis and biological evaluation, drastically 

reducing the overall drug discovery timeline. Such a 

streamlined process is critical for accelerating the 

translation of promising lead compounds from 

computational prediction to preclinical and clinical 

development stages. This refined drug discovery 

paradigm integrates both direct and indirect drug 

design techniques, significantly enhancing the 

identification of novel chemical entities with desirable 

therapeutic profiles (Mathpal et al., 2021). Moreover, 

advanced computational techniques, including 

molecular mechanics/generalized born surface area 

(MM/GBSA) and molecular mechanics/Poisson–

Boltzmann surface area (MM/PBSA) calculations, are 

increasingly employed to evaluate binding free 

energies, offering a more nuanced understanding of 

protein-ligand complex stability and flexibility under 

physiological conditions (Rahman et al., 2025). These 

advanced computational methods, such as those 

employing AutoDock and Glide software, simulate 

binding interactions and predict the therapeutic 

potential of newly designed molecules like 2-

azetidinones, thereby accelerating the discovery of 

lead compounds (Naithani & Guleria, 2024; Singh et 

al., 2025). This iterative process of computational 

design and experimental validation is crucial for 

developing novel therapeutic agents with improved 

efficacy and reduced side effects (Wu et al., 2023). 

Given that traditional drug discovery is a protracted 

and costly endeavor, computational tools have 

emerged as indispensable for modern pharmaceutical 

research, offering a more efficient and economical 

pathway to identify and optimize therapeutic agents 

(Naithani & Guleria, 2024; Wei & McCammon, 

2024). These in silico methodologies are particularly 

valuable for exploring vast chemical spaces and 

prioritizing compounds for synthesis and biological 

evaluation, thus circumventing many of the limitations 

associated with traditional high-throughput screening 

(Padole et al., 2022; Sadybekov & Katritch, 2023).  

 

III. METHODOLOGY 

 

This section outlines the specific computational and 

experimental protocols employed to investigate the 

binding characteristics and therapeutic potential of 

novel 2-azetidinone derivatives, focusing on their 

interactions with identified protein targets. This 

includes a detailed description of the molecular 

docking procedures, such as the selection of 

appropriate software and algorithms, as well as the 

parameters used for docking simulations to predict 

binding affinities and interaction modes. 

Subsequently, molecular dynamics simulations are 

conducted to assess the stability of the ligand-protein 

complexes over time and to observe the dynamic 

nature of their interactions within a simulated 

physiological environment (Alzain et al., 2025; 

Muslim et al., 2023). This comprehensive approach 

integrates in silico methodologies to elucidate the 

precise molecular mechanisms underpinning the 

therapeutic effects of these compounds, thereby 

facilitating the rational design of optimized drug 

candidates. The chosen methodology for molecular 

docking typically involves the use of established 

software like AutoDock Vina or Glide, often 

employing scoring functions such as XP to evaluate 

binding modes and affinities (Butini et al., 2024; 

Crisan, 2023). The generation of pdbqt files for 

docking simulations is frequently performed using 

tools like AutoDock Tools, which prepares both 

receptor and ligand files by assigning charges and 

adding hydrogens (Olazarán‐Santibáñez et al., 2017). 

Moreover, the selection of appropriate protein targets, 

often retrieved from databases like the Protein Data 

Bank, is crucial for accurate predictions (Sulthana & 

Quine, 2015). Ligands, in turn, are meticulously 

prepared through modules like LigPrep, which 

generates multiple tautomers and stereoisomers to 

ensure comprehensive sampling of chemical space 

(Kumar et al., 2020). Preparation of the receptor 

protein is equally critical, involving optimization of 

hydrogen bond networks and refinement of the 

structure with restrained minimization to ensure 

accurate representation of the binding site (Chopra et 

al., 2018). For instance, one study specifically 

designed substituted amino benzoxazole-combined 

azetidinone ligands and evaluated them for breast 

cancer properties through molecular docking, ADME 

analysis, and pharmacophore modeling (Dheeraj et al., 

2023). This rigorous computational approach, 

incorporating ADME and pharmacophore models, 

facilitates the prioritization of designed compounds by 

predicting critical physicochemical properties and 

biological activity spectra, thereby limiting the need 



© January 2026 | IJIRT | Volume 12 Issue 8 | ISSN: 2349-6002 

IJIRT 191567 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 8608 

for extensive animal testing and reducing late-stage 

drug development failures (Begum et al., 2017; 

Hussein & Faisal, 2024). This strategic integration of 

in silico techniques significantly refines the drug 

discovery pipeline, ensuring that only the most 

promising compounds proceed to further validation 

stages. Subsequently, molecular dynamics simulations 

are performed using software packages such as 

GROMACS or AMBER, allowing for a detailed 

exploration of the ligand-receptor complex stability 

and conformational changes over a specified time 

duration under physiological conditions (Enni & 

Maraj, 2022). This analysis provides insights into 

critical interactions, including hydrogen bonds and 

hydrophobic contacts, which are essential for the 

observed binding affinity and specificity (Hussein & 

Faisal, 2024). Furthermore, ADMET predictions are 

performed using online resources such as admetSAR 

and Swiss ADME to assess the pharmacokinetics and 

potential toxicity of the compounds in the human 

body, thereby filtering out candidates with 

unfavourable properties early in the drug discovery 

process (Agu et al., 2023; Rasool et al., 2024). The 

initial step in molecular docking involves preparing 

the 3D structure of the target receptor, often obtained 

from experimental data, by adding missing atoms, 

assigning charges, and optimizing the protein structure 

(Shahab et al., 2024). Following this, a 3D grid is 

defined around the active site or binding pocket, 

delineating the spatial boundaries where ligands are 

expected to bind (Shahab et al., 2023). This grid 

ensures that the docking algorithm efficiently samples 

possible binding poses within a predefined region of 

interest (Kumar et al., 2022). The ligands, 

meticulously prepared with proper ionization states 

and minimized energy conformations using forcefields 

like OPLS-3E, are then flexibly docked into this 

defined grid, allowing for a comprehensive 

exploration of potential binding orientations and 

conformations (“Novel Thiazolidinedione Linked 

1,3,4-Oxadiazole Derivatives as AXL Inhibitors 

Targeting Breast Cancer: In-Silico Design, ADMET 

Screening, and MM-GBSA Binding Free Energy,” 

2024).  

The optimal poses are subsequently scored based on 

their binding affinity, often utilizing algorithms that 

account for van der Waals and electrostatic 

interactions, hydrogen bonding, and desolvation 

energies, thereby identifying the most energetically 

favorable ligand-receptor complexes (Yadav & 

Jaiswal, 2023).  

 

● Ligand Preparation:  

This subsection could detail the specific steps taken to 

prepare your 2-azetidinone derivatives, including 

energy minimization, tautomer generation, and 3D 

structure generation (e.g., using LigPrep or similar 

tools, and force fields like OPLS-3E) (Kumar et al., 

2020; “Novel Thiazolidinedione Linked 1,3,4-

Oxadiazole Derivatives as AXL Inhibitors Targeting 

Breast Cancer: In-Silico Design, ADMET Screening, 

and MM-GBSA Binding Free Energy,” 2024). 

 

● Protein Preparation and Grid Generation:  

You could elaborate on how the target proteins were 

obtained (e.g., from the Protein Data Bank), cleaned, 

optimized (e.g., hydrogen bond networks, restrained 

minimization), and how the binding site grid was 

defined (Chopra et al., 2018; Shahab et al., 2023; 

Sulthana & Quine, 2015). 

 

● Molecular Docking Parameters:  

While mentioned, a dedicated subheading could 

clearly outline the specific software (e.g., AutoDock 

Vina, Glide), scoring functions (e.g., XP), and 

precision settings (e.g., "Extra Precision") used for 

your docking simulations (Butini et al., 2024; Crisan, 

2023; Sulthana & Quine, 2015). 

 

● Molecular Dynamics Simulation Setup:  

If you perform MD simulations, a separate section 

detailing the simulation length, force field, water 

model, temperature, pressure coupling, and specific 

software (e.g., GROMACS, AMBER) would be 

valuable (Enni & Maraj, 2022). 

 

● ADMET/Pharmacokinetic Predictions:  

Although mentioned, a dedicated section in 

Methodology could specify the online resources (e.g., 

admetSAR, Swiss ADME) and models used for these 

predictions (Agu et al., 2023; Rasool et al., 2024). 

 

● Visualization and Analysis Tools:  

You could list and briefly describe the tools used for 

visualizing interactions (e.g., PyMol) and analyzing 

results (e.g., for pharmacophore models) (Dheeraj et 

al., 2023; PN et al., 2021). The specific parameters 

used for receptor grid generation, such as box size and 

grid spacing, are critical for accurately identifying 

potential binding sites and encompassing the entire 

protein molecule (Bhandare et al., 2022; Xiong et al., 

2024). These grids are often generated using 

specialized modules that define the active site based 

on key residues or a user-defined geometric box, 
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ensuring comprehensive coverage of the putative 

binding region (Ramachandran et al., 2023). After 

defining the grid, the docking simulations are 

performed where the prepared ligands are allowed to 

explore various orientations and conformations within 

the binding pocket, typically employing search 

algorithms such as genetic algorithms or Monte Carlo 

simulations to identify optimal binding poses 

(Gadnayak et al., 2022). Subsequent to pose 

generation, consensus scoring, which integrates 

multiple algorithms, is frequently applied to mitigate 

individual model biases and enhance the reliability of 

predictive outcomes (Enni & Maraj, 2022).  

 

IV. RESULTS 

 

The results section will present the outcomes of the 

computational studies, including detailed analyses of 

docking scores, binding poses, and interaction profiles 

for the synthesized 2-azetidinone derivatives with 

their respective target proteins. These results will be 

complemented by analyses of predicted 

pharmacokinetic properties, including ADME 

profiles, to assess the drug-likeness and bioavailability 

of the most promising compounds (Dheeraj et al., 

2023; Kusurkar et al., 2021). The efficacy of these 

compounds as potential anti-cancer agents, for 

example, is further substantiated by their favorable 

docking scores with targets such as 4DBN, along with 

various hydrogen bond interactions, supporting their 

potential for good in vivo and in vitro activity (PN et 

al., 2021). Further in silico investigations, such as 

ADMET predictions, play a crucial role in assessing 

the pharmacokinetic and toxicological properties of 

these drug candidates, providing essential information 

for advancing them in the drug discovery pipeline 

(Faizan et al., 2024). This includes evaluating factors 

like oral bioavailability, metabolic stability, and 

potential toxicity, often through computational models 

that leverage established databases and algorithms 

(PN et al., 2021). Moreover, advanced tools like 

PyMol are frequently utilized to visualize and analyze 

these complex interactions in 3D, providing critical 

insights into hydrogen bonding, hydrophobic 

interactions, and pi-pi stacking that dictate binding 

affinity and specificity (PN et al., 2021). The 

generation of pharmacophore models also aids in 

identifying key structural features essential for 

biological activity and designing novel compounds 

with improved binding characteristics (Dheeraj et al., 

2023). Ultimately, the integration of these 

computational strategies enables a more streamlined 

and cost-effective identification of potent and 

selective therapeutic agents, accelerating their 

translation from theoretical design to clinical 

application (Adebesin et al., 2022; Ali et al., 2025). 

This comprehensive approach, integrating advanced in 

silico analyses, significantly enhances the drug 

discovery pipeline by offering a robust framework for 

the rational design and optimization of novel 

therapeutic compounds (Hamed et al., 2025). Future 

work will involve synthesizing these promising 

derivatives and conducting in vitro and in vivo 

evaluations to validate their predicted therapeutic 

potential and explore broader spectrum activities, 

including against multidrug-resistant strains (Mehta et 

al., 2025; Verdino et al., 2017). This holistic strategy 

not only confirms their efficacy but also provides a 

deeper understanding of their mechanism of action, 

paving the way for targeted drug development (Ojuka 

et al., 2025). Such experimental validation is critical to 

translate computational predictions into tangible 

pharmaceutical interventions, particularly for 

challenging conditions where current therapies are 

insufficient (HR et al., 2025).  

 

● Binding Affinity and Docking Score Analysis:  

Detail the range of docking scores obtained for various 

compounds and target proteins, potentially including a 

table or chart summarizing key findings (Muslim et 

al., 2023). 

 

● Detailed Interaction Profiles:  

This section could focus on specific ligand-protein 

interactions, such as hydrogen bonding, hydrophobic 

interactions, pi-pi stacking, and the key amino acid 

residues involved, perhaps with specific examples and 

3D visualization snapshots (Afolabi et al., 2024; 

Muhammad et al., 2019). 

 

● Pharmacophore Model Development:  

If you've developed pharmacophore models, a section 

explaining their features and implications for drug 

design would be appropriate (Dheeraj et al., 2023). 

 

● ADMET/Pharmacokinetic Profiles of Promising 

Candidates:  

Present the predicted ADME properties (e.g., oral 

bioavailability, metabolic stability, toxicity) for your 

most promising 2-azetidinone derivatives (Dheeraj et 

al., 2023; Kusurkar et al., 2021). These predictions 

offer critical insights into their potential oral 

bioavailability, metabolic stability, and overall drug-
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likeness, guiding further experimental validation 

(Chakrabarti, 2023; Lukuzu et al., 2024). These 

computational analyses, including molecular docking 

and ADMET predictions, thus serve as a robust 

preliminary screening for identifying promising drug 

candidates, substantially accelerating the drug 

discovery process and reducing the reliance on costly 

and time-consuming experimental methods (Peng et 

al., 2024). This integrated in silico approach 

significantly enhances the identification of novel 

therapeutic agents, particularly for challenging 

conditions such as those involving antimicrobial 

resistance, by optimizing compound selection prior to 

resource-intensive wet-lab experimentation (Hassan et 

al., 2024; He, 2025). This allows for a more targeted 

synthesis of compounds, focusing on those with the 

highest predicted efficacy and safety profiles, thereby 

maximizing the chances of successful drug 

development (Lukuzu et al., 2024). Moreover, 

chemoinformatics tools expedite the screening of 

compound libraries, enabling rapid investigation of 

single compounds for multiple diseases and providing 

initial safety and toxicity profiles through ADMET 

testing, which traditionally is time and cost-intensive 

via in-vivo methods (Hassan et al., 2024). By 

predicting key characteristics such as mutagenicity, 

tumorigenicity, and reproductive effects, these in 

silico models allow researchers to identify and filter 

out potentially harmful compounds early in the drug 

discovery pipeline (Pattapulavar et al., 2025).  

 

V. DISCUSSION 

 

The subsequent discussion will therefore focus on 

interpreting these computational findings within the 

broader context of anti-ulcer or other therapeutic 

potentials, highlighting correlations between 

structural features, predicted binding affinities, and 

ADMET profiles. This section will also address the 

limitations of the computational models and suggest 

further experimental validation strategies to confirm 

the in-silico predictions (Havryshchuk et al., 2025). 

For example, promising compounds identified through 

docking and ADMET analysis would ideally proceed 

to *in vitro* assays to validate their predicted 

inhibitory activity against the target enzymes and 

subsequently to *in vivo* studies to assess their 

therapeutic efficacy and safety (Guendouzi et al., 

2024). Such subsequent investigations should 

encompass comprehensive *in vivo* pharmacokinetic 

profiling, toxicity assessments, and efficacy 

evaluations in relevant disease models to fully validate 

their safety and therapeutic potential (Hawash et al., 

2025). Furthermore, the identification of specific 

amino acid residues involved in hydrogen bonding and 

hydrophobic interactions, such as those observed with 

VAL135, ILE322, and ASP128 for benzothiazole 

rings, offers critical insights into optimizing molecular 

structures for enhanced binding affinity and specificity 

(Afolabi et al., 2024; Muhammad et al., 2019). This 

detailed structural understanding will guide future 

rational drug design efforts, enabling the synthesis of 

compounds with improved pharmacological profiles 

and reduced off-target effects. Additionally, molecules 

demonstrating strong interactions with catalytic triad 

amino acids, even if they exhibit some off-targeting 

interactions, are often considered promising leads, 

although minimizing these off-target effects is crucial 

for enhanced specificity and reduced toxicity 

(Naithani et al., 2024). It is worth noting that 

compounds exhibiting potent activity as racemates, 

where both enantiomers contribute to inhibition, 

present a cost-effective option for development, 

especially when synthesized from achiral precursors 

(Sheikh et al., 2025). This can simplify the synthetic 

process and reduce manufacturing costs, making them 

attractive candidates for further development (Sheikh 

et al., 2025).  

VI. CONCLUSION 

 

This detailed understanding of ligand-receptor 

interactions is crucial for the rational design of novel 

compounds with improved therapeutic profiles. This 

approach allows for a deeper exploration of the 

structure-activity relationships, enabling medicinal 

chemists to fine-tune molecular scaffolds for optimal 

therapeutic outcomes (Muhammad et al., 2019). The 

incorporation of aromatic ring characteristics in 

pharmacophore models, for instance, allows for the 

prioritization of compounds that can engage in 

advantageous π-π stacking interactions with specific 

amino acid residues in the binding pocket, thus 

enhancing binding stability and affinity (Asnawi et al., 

2024). This iterative process of computational design, 

followed by *in vitro* and *in vivo* validation, 

ultimately accelerates the drug discovery pipeline by 

focusing experimental efforts on the most promising 

candidates (Faris et al., 2023). Moreover, such an 

integrated computational and experimental workflow 

is pivotal in identifying potential inhibitors, validating 

their mechanisms of action, and paving the way for the 

development of novel therapeutic agents (Divyashri et 
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al., 2020; Muhammad et al., 2019). Future research 

should also aim to integrate multi-omics data with 

these computational models to provide deeper insights 

into disease mechanisms and improve overall 

treatment outcomes (Sadia et al., 2024). It is 

imperative to conduct thorough experimental 

validation, including *in vitro* and *in vivo* studies, 

to confirm the computational predictions regarding 

efficacy and toxicity, as purely *in silico* findings 

require empirical corroboration (Babalola & 

Adegboyega, 2023; Liu et al., 2024). This 

comprehensive strategy, integrating advanced in silico 

analyses with rigorous experimental validation, 

significantly enhances the drug discovery pipeline by 

offering a robust framework for the rational design and 

optimization of novel therapeutic compounds (Ding et 

al., 2024). Structure-Activity Relationships: Given the 

mention of structural modifications and optimizing 

compounds, a dedicated discussion on SAR would 

strengthen your paper, linking specific structural 

features of 2-azetidinones to their predicted binding 

affinities and therapeutic potential (Muhammad et al., 

2019). This would entail analyzing how variations in 

substituents on the azetidinone ring impact 

interactions with the target enzyme, thereby guiding 

the synthesis of more potent and selective inhibitors.  

 

● Limitations of the Study:  

While touched upon, a clear, separate heading for the 

limitations of your computational models and 

predictions would demonstrate a critical 

understanding of your work (Havryshchuk et al., 

2025). 

 

● Future Experimental Validation:  

Expanding on the plan for in vitro and in vivo studies, 

perhaps with more specific aims or methods, could be 

a dedicated part of your conclusion or a separate 

"Future Work" section (Mehta et al., 2025; Verdino et 

al., 2017). 
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